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(54) Haptic computer input/output device, eg data glove 

(57) Data glove 1 0 finger and thumb extensions 1 0A and 1 0B of the data glove have spaced ring formations 1 3, 1 4 formed 
with an inwardly-opening blind bore 21 spanned in gas-tight manner by a membrane 23 and conduits 20 within the ring 
formations selectively apply pressurised air to or relieve it from the bores 21 under the control of a valve assembly 34 in turn 
controlled by a computer 30. The computer generates images perceived on a visual system 32 by a wearer of the glove. 
Data concerning the spatial position and flexing of the glove 10 is transmitted via line 31 to the computer, which additionally 
generates a cursor on the visual system 32. When this interacts with other virtual objects to simulate a "touch" the 
appropriate bore 21 is inflated via valve assembly 34 to apply a tactile stimulus to the wearer of the glove. 
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1 . 

"HAPTIC COMPUTER OOTPOT DEVICE" 

Hhis invention relates to a haptic ccnputer output device and more 
specifically to human/cctrputer interface equipment which, when mounted on 
or adjacent a part of the human body, will apply tactile stimili to the 
body under the control of the computer. 

Recent years have seen the development of "virtual reality". The 
user of the system is presented with ccnputer-generated images which 
change in response to changes in the notional relative positions of the 
viewer and the virtual object so that the viewer has the sense of 
occupying a fully three-dimensional , artificial world. Virtual reality 
is described in United Kingdom Patent Specification Serial No. 2 201 069A 
and reference is made thereto for a fuller understanding of the present 
invention. 

It is desirable that the viewer of virtual objects should be able to 
"interact" with them, such as by "picking them up" and '•nerving them 
about". For this it is desirable that one of the objects viewed is a 
cursor representing e.g. the hand of the viewer. By moving his real 
hand he causes corresponding novements of the cursor, and when this 
occupies the same apparent space as another virtual object the ccnputer 
nust react appropriately. If the object "contacted" is nationally 

movable the ccn p uter mast shew it moving; if nationally immovable the 
movement of the cursor mist be arrested, all to preserve the simulation of 
reality. 

A deficiency in the r e a l ism currently experienced when interacting in 
this way with virtual objects is that the viewer experiences no tactile 
sensations when the cursor representing his hand "touches" an object, 
This lack of one of the normal sensory experiences detracts frcm the 
illusion. If the experience of virtual reality is solely visual, or 
visual and auditory, the lack of the corresponding sensation of touch will 
remind the viewer that he is inhabiting an artificial world, enabling him 
to preserve seme of the detachmsnt of a film or television audience and 
the experience will be less than the carpletely absorbing one which 
virtual reality has the potential to provide. 
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A principal object of the present invention is to redress this 
deficiency of previous virtual reality proposals. 

In accordance with one aspect of the present invention there is 
provided a haptic computer output device comprising an exoskeleton menfoer 
having digital extensions cccprising ring formations adapted to encircle 
human appendages , at least sans of said ring formations carprising a 
respective cavity located on the ring formation to open inwardly thereof, 
a membrane of a more resiliently def ormable material than that of the 
exoskeleton member spanning the opening of the cavity in a gas-tight 
manner, and conduit means camunicating with each said cavity whereby 
pressurised gas may be selectively introduced into the cavities to cause 
deformation of the respective membranes outwardly of the associated 
cavities and inwardly of the associated ring f ormtions such that in use 
of the device the ntsiforanes nay be caused selectively to apply tactile 
stimuli to huiran appendages inserted through the ring formations. 

She device may be in the form of a data glove and the exoskeleton 
member may be adapted to be located on the back of a human hand with said 
digital extensions passing along the backs of the fingers or the fingers 
and thunfo of said hand, said exoskeleton menfoer being of a flexible 
material and said ring f ormtions being adapted to retain the extensions 
in contact with the fingers or fingers and thunfo during flexing movements 
of the latter. 

Said cavities are preferably located on the ring formations at 
positions spaced angularly therearound fran the associated extension. 

Each said cavity is preferably a blind bare fanned in the thickness 
of the exoskeleton member. 

Said conduit neans may be controlled by valve means which is in turn 
controlled by a computer which generates images perceived by the user of 
the device, and the computer may be adapted to apply tactile stimuli to 
the user in accordance with haptic incidents as perceived by the user. 

In accordance with another aspect of the present invention there is 
provided a haptic computer output device carprising a menfoer adapted to be 



positioned with one face thereof opposed to the body of a user of the 
ccnputer, said member having in the thickness thereof a blind bore opening 
to said face, the opening of said blind bore being spanned by a membrane 
of a material nore resiliently def ormable than the material of said 
member, said membrane being generally flat in the unstressed condition 
thereof, conduit means in said member opening to said bore and valve means 
controlled by the computer whereby gas under pressure may be introduced 
into or relieved frcm said bore thereby to control tactile sensations 
which will be applied to said user's body by the membrane when defamed 
by excess gas pressure in said bore. 

Preferably a plurality of similar blind bores, each spanned by a 
respective nenbrane, are provided in respective formations of said menber 
located thereon in mutually spaced relation and adapted to encircle 
different areas of the user's body, conduit means carmu n ica tin g with each 
said bore and the valve means being adapted selectively to admit 
pressurised gas to or to relieve pressurised gas frcm the indi v id ua l bores 
under the control of the cotputer thereby to apply different stimuli to 
different areas of the user's body. 

She menber may be adapted to fit over the back of a hand of the user 
and may have finger portions to extend along the backs of the fingers or 
the fingers and thunb of said hand, at least two of said formations being 
provided in spaced relation on each said finger portion. 

Each said formation may be in the form of a hoop comprising an inner 
U-shaped component nested in an outer U-shaped carponent, the outer U- 
shaped carponent being integral at the distal ends of its arms with said 
menber and the inner carponent having an aperture in the web portion 
thereof which cooperates with the outer carponent to provide said blind 
bore of said formation, the inner carponent being undercut around the 
periphery of the aperture to provide an annular rebate in which the 
periphery of the membrane is seated and adhesively bonded to the inner 
carponent. 

The inner carponent is preferably additionally farmed with a channel 
which, in the assembled condition of the two carponents, provides a 
conduit through the formation opening at one end to the aperture between 
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the menforane and the outer carponent, said conduit serving to admit 
pressurised gas to or to relieve pressurised gas frcm the associated bore. 

The device preferably additionally canpprises means to output to the 
carputer signals relating to the spatial position and/or shape of the 
device and the ccnputer controls a display whereby said user perceives 
images generated by the carputer including a cursor Image corresponding to 
said device, the device being controlled by the carputer so as to apply to 
the user's body tactile stimuli which correspond with the perceived 
interaction between said cursor image and other of said images. 

The member is preferably locally at least twice as thick as the or 
each membrane at the bottom of and around the or each blind bore. 

The member may be of a high-tear flexible polyurethane and the or 
each said membrane may be a disc of necprene adhesively bonded at its 
periphery to the material of the member in the region of the opening of 
the associated blind bare. 

Preferably control by the caiputer of the valve means is such that 
pressure within the or each blind bore is proportional to notional 
contact forces, so that the wearer experiences a pressure proportional to 
the forces which would be experienced if the "contact" were real. In 
other words pressure within the bore will be higher if an "inroovable 
object" is "struck" , or a "heavy object" is "picked up", than if "contact" 
is made with a "light" object. 

An embodiment of the present invention will now be described by way 
of non-limitative exanple with reference to the accompanying drawings, in 
which: 

Figure 1 illustrates a data glove in association with the other 
components of a virtual reality system, 

Figure 2 is a cross-sectional view taken on the line II-II of Figure 
1, and 

Figure 3 is an exploded view of the assembly of Figure 2. 

The human/ccmputer interface exoskeleton member or data glove 10 
illustrated in Figure 1 is adapted to be worn on the back of the hand and 



wrist by the provision of self-attaching bands 11A,11B. The main 

ccxrponents of the member are of thick/ transversely ribbed high-tear- 
strength polyurethane so that the member can bend to follcw flexing 
novenents of the wrist and fingers. The "glove" 10 has four finger 
extensions 10A and a thunb extension 10B which will pass along the backs 
of the fingers and thunb. To ensure that the elongated finger and thunb 
extensions 10A and 10B of the glove follow flexing movements of the 
fingers and thunb of the wearer each has a hoop or ring formation 14 near 
its tip. Additional, similar formations 13 are provided in spaced 
relation to the rings 14 intermediate the ends of the finger and thunb 
portions 10A, 10B. 

Illustrated at 15 is a sheath through which flexible cables, ducts 
and any other necessary facilities may pass to manifolds 16A, 16B on 
the backs of the wrist and hand portions of the glove 10. Each of the 
fingers and the thunb has means (not shewn) for generating a signal 
proportional to the flexing movement of that part of the glove relative to 
other parts / for example strain gages which generate electrical signals 
proportional to a tension loading. Means (not shewn) is additionally 
provided for generating signals according to the position of the member 10 
in space. These position and flexure monitoring means do not form part 
of the present invention and so will not be further described, except to 
say that in use of the data glove 10 the appropriate signals pass to a 
ccnputer 30 via line 31. The computer generates a cursor viewed on a 
visual display system 32 by the wearer in such a way that the cursor 
undergoes changes corresponding with movement and flexure of the hand. 
The computer 30 also generates virtual objects viewed on the visual 
display system 32 and monitors interaction between them and the cursor 
caused by irovenent and flexing of the real hand wearing glove 10. The 
visual display system 32 may be a visual display unit of any known, 
conventional kind or may be an optical system employing liquid crystal 
VDUs individual to the eyes of the user of the kind described in the 
aforementioned U.K. Patent Specification No. 2 201 069A. 

As shown more clearly in Figures 2 and 3 each ring 13 and 14 
emprises U-shaped inner 17 and outer 18 parts of which the inner is 
integral at the distal ends of its limbs with the associated finger or 
thunb portion 10A or 10B of the glove and so forms therewith a ring 



structure which will surround the thumb or finger, causing the finger or 
thunb portion of the glove to conform to its flexing inoveroents. The 
web of the inner part 17 is famed with an aperture 19 and one of its 
linbs with a channel or groove 20 cxOTunicating at one end with the 
aperture. When the inner part 17 is nested in the outer part 18 as 
shorn in Figure 2 the groove 20 forms a conduit or passageway and the 
aperture 19 the opening of a blind bore 21 in the assenbly. Around the 
aperture 19 the inner part 17 is undercut at 22 to provide a seat for the 
periphery of a menfarane 23 of neoprene which spans the aperture 19. 
This menfarane 23 is very much more elastically def orm able than the 
material of the reneinder of the glove. Locally the polyurethane of the 
hoop 13 or 14 is at least twice as thick as the menfarane 23 at the bottcm 
of and around the blind bore. The periphery of the menfarane 23 is fixed 
in a gas tight manner to the inner part 17 and the menfarane is of a 
sufficiently resilient material to deform in response to the presence of a 
super-atmospheric pressure in the cavity 21. The menfarane 23 is shewn in 
its unstressed condition in full lines in Figure 2 and in a deformed or 
expanded condition in dotted lines. Due to its lesser thickness and 
greater def amiability it will be the menfarane and not the parts 17 and 18 
which will respond to excess pressure in the cavity 21 by deforming. 
The bore 21 thus provides a substantially solid, non-deformable housing 
and the cccbined parts 17 and 18 ensure that substantially all reaction 
farces are vectored and act upon the m enfarane 23 to deform it inwardly of 
the ring 13 or 14. 

Running longi tudinal ly of each finger 12 and thunb part 13 of the 
glove is an enclosed passage 25 in which the facility (not shown) - e.g. 
a strain gage - far noiitoring flexure of that part of the hand is 
located. Parallel with the duct 25 are further ducts 24 and 26 for 
pressurised air. A union 27 joins the duct 26 to the passageway 20. 
The duct 24 bypasses the ring 13 shown in Figure 2 and conveys pressurised 
air to the blind bore of the finger-tip ring 14 of the same finger portion 
10 of the glove. At the top of the ring its inner side is covered by a 
foam pad 28 which promotes wearer comfort and also serves to cover the 
channels in the finger or thunb part in which the air ducts 24 and 26 are 
located. 



In use of the glove 10 shown the air ducts 24 and 26 are each 
connected through the sheath 15 and via two-way air lines 36 with a source 
33 of air under pressure controlled by a valve assembly 34 which is in 
turn under the control of the carputer 30. A suitable valve assenbly 34 
is the 12 valve EV/ET Elect^dx^/Pneunatic Interface Card av ailab le fran 
Clippard Instrunent Laboratory, Inc. of U.S.A. When the carputer 30 
determines that a particular finger or the thunb of the wearer of the 
glove has "touched" a virtual object as viewed on the visual system 32 it 
opens the appropriate valve of assenbly 34 so that the bore 21 of the 
appropriate hoop or hoops 13/14 is inflated. This causes the associated 
nCTbrane(s) 23 to deform into contact with the wearer's finger or thunb 
to provide a tactile stimilus corresponding to the "touch", and the 
pressure of the nenbrane 23 on the human body may be stronger or weaker 
depending on the nature of the "touch" determined by the carputer 30* 
In the absence of a "touch" condition determined by carputer 30 air is 
allowed to escape to anbience from the appropriate blind bores 21 through 
an exhaust line 35 controlled by the valve assenbly 34. 

It will be evident that only those bores 21 will be inflated and 
msrrbranes 23 deformed which correspond with the determined "contact" . 
Thus if only part of the viewed representation of the hand meets a virtual 
object only the corresponding part of the real hand will experience 
pressure. Realism will of course be enhanced by multiplying the bores 
21 throughout the glove 10 and by making the pressure within each 
proportional to the notional load on the associated part of the hand. 

Tfrpti^ devices according to the present invention may of course be 
a^pt*rl to be worn on parts of the human body other than a hand. If 
the spatial position of the whole body and flexing movonerits of the liiribs 
and feet are also monitored by the carputer 30 the devices may be provided 
on exoskeletal apparel worn on any part of the body. 
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CLAIMS: 

1. A hap t ic caiputer output device comprising an exoskeleton member 
having digital extensions apprising ring formations nr\aj-&-&A to encircle 
human appendages, at least seme of said ring formations comprising a 
respective cavity located on the ring fannation to open inwardly thereof, 
a membrane of a more resiliently def amiable material than that of the 
exoskeleton menber spanning the opening of the cavity in a gas-tight 
manner, and conduit means cxmunicating with each cavity whereby 
pressurised gas may be selectively introduced into the cavities to cause 
deformation of the respective marbranes outwardly of the associated 
cavities and inwardly of the associated ring formations such that in use 
of the device the menbranes may be caused selectively to apply tactile 
stimuli to human appendages inserted through the ring formations. 

2. A device as claimed in claim 1 in the form of a data glove and 
wherein the exoskeleton member is adapted to be located on the back of a 
human hand with said digital extensions passing along the backs of the 
fingers or the fingers and thunto of said hand, said exoskeleton member 
being of a flexible material and said ring formations being adapted to 
retain the extensions in contact with the fingers or fingers and thumb 
during flexing movements of the latter. 

3. A device as claimed in claim 2, wherein said cavities are located on 
the ring fornations at positions spaced angularly therearound f ran the 
associated extension. 

4. A device as c l ai m ed in any one of the preceding claims, wherein each 
said cavity is a blind bare formed in the thickness of the exoskeleton 
menber. 

5. A device as claimed in any one of the preceding claims, wherein said 
conduit means is controlled by valve means which is in turn controlled by 
a cenputer which generates images perceived by the user of the device, and 
wherein the caiputer is adapted to apply tactile stiuuli to the user in 
accordance with haptic incidents as perceived by the user. 



6. A haptic computer output device comprising a member adapted to be 
positioned with one face thereof opposed to the body of a user of the 
caiputer, said member having in the thickness thereof a blind bore opening 
to said face, the opening of said blind bore being spanned by a membrane 
of a materia] nnre resiliently deformable than the mate r ial of said 
menber/ said neubrane being generally flat in the unstressed condition 
thereof, conduit means in said nenber opening to said bore and valve means 
controlled by the carputer whereby gas under pressure may be introduced 
into or relieved fron said bore thereby to control tactile sensations 
which will be applied to said user's body by the membrane when deformed 
by excess gas pressure in said bore. 

7. A device as claimed in claim 6, wherein a plurality of similar blind 
bores, each spanned by a respective membrane, are provided in respective,, 
formations of said menber located thereon in mutually spaced relation and 
adapted to encircle different areas of the user's body, conduit means 
coriiunicating with each said bore and the valve means being adapted 
selectively to admit pressurised gas to or to relieve pressurised gas frcm 
the individual bores under the control of the carputer thereby to apply 
different stimuli to different areas of the user's body* 

8. A device as claimed in claim 7/ wherein the menber is adapted to fit 
over the back of a hand of the user and has finger portions to extend 
along the backs of the fingers or the fingers and thumb of said hand, at 
least two of said formations being provided in spaced relation on each 
said finger portion. 

9. A device as clained in claim 8, wherein each said formation is in the 
form of a hoop ccnprising an inner U-shaped ccnponent nested in an outer 
U-shaped ccnponent, the outer U-shaped ccnponent being integral at the 
distal ends of its arms with said menber and the inner ccnponent having an 
aperture in the web portion thereof which cooperates with the outer 
ccnponent to provide said blind bore of said formation/ the inner 
ccnponent being undercut around the periphery of the aperture to provide 
an annular rebate in which the periphery of the membrane is seated and 
adhesively bonded to the inner ccnponent. 
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10. A device as claimed in claim 9, wherein the inner ccnponent is 
additionally formed with a channel which, in the assembled condition of 
the two ccnponents, provides a conduit through the formation opening at 
one end to the aperture between the menbrane and the outer ccnponent, said 
conduit serving to admit pressurised gas to or to relieve pressurised gas 
from the associated bore. 

11. A device as claimed in any one of claims 6 - 10, and ccnprising means 
to output to the ccnputer signals relating to the spatial position and/or 
shape of the device and wherein the ccnputer controls a display whereby 
said user perceives images generated by the ccnputer including a cursor 
image corresponding to said device, the device being controlled try the 
ccnputer so as to apply to the user's body tactile sensations which 
correspond with the perceived interaction between said cursor image and 
other of said images. 

12. A device as claimed in any one of claims 6 - 11, wherein the martoer 
is locally at least twice as thick as the or each menbrane at the bottcm 
of and around the or each blind bore. 

13. A device as claimed in any one of the preceding claims, wherein the 
member is of a high-tear flexible polyurethane and the or each said 
menbrane is a disc of necprene adhesively bonded at its periphery to the 
material of the menber in the region of the opening of the associated 
blind bare. 

14. A haptic ccnputer output device substantially as he r einbefore 
described with reference to and as shewn in the accompanying Drawings. 
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